Abstract. The modern technical rules define the proper seismic evaluation on the basis of reference period (reference life)
INTRODUCTION
The modern technique rules [1, 2] use an approach based on performance for the design and verification of the structures. The seismic action to be considered in the design and verification is assessed by the "local seismic hazard" which is obtained by specific studies (based on statistical approaches) carried out on a national scale. The statistical studies provide three reference values (a g , F o , T C * [1] ) relative to a ideal ground rigid type having horizontal topography (v s,30 >800 m/s [2] ). This approach allows to take seismic actions that are calibrated, not only than on the seismic vulnerability of the site, but also on the years in which the structure has to be used in relation to the intended use and the importance that it has for the community (defined as "life reference -V R " in [1] ). The intensity of the seismic actions varies as a function of the limit state (LS) considered (that is connected to a "probability of exceedance -P VR ") which can probably be achieved during the service life of the structure. The parameter that regulates the seismic intensity is the return period (T R ), ie the time interval, expressed in years, between two earthquakes having equal intensity, which depends on the quantities defined above according to the relationship:
Consequently, the return period and the intensity of seismic action are directly proportional. The technical rules, therefore, define seismic actions closer to those that characterize the site of the structure so as to require structural performance which are functional also to the specific use during the service life. This way of defining the actions becomes very important in the case of safety assessment of the existing structures.
It should be noted that while by one side the recent seismic events have encouraged the development of new techniques for seismic assessment, they have also encouraged the diffusion of structural monitoring systems to be used already in the early stage of realization [3, 4] .
In accordance with the N2 method, [5] the seismic vulnerability assessment consist in verifying that the seismic demand associated with a given return period (therefore for a LS predetermined) is lower than the structural capacity. Obviously, the results become very reliable because they are based on survey methodologies in order to assess the performance of materials [6] and numerical models which take into account also of the effects of secondary elements [7, 8] . Both parameters are usually expressed in terms of displacement or PGA (peak ground acceleration).
It should be pointed that, despite the primary role in the definition of the spectral shapes, the return period is quite completely absent in the explicit representation of the structural capacity and, consequently, in the overall judgment on the seismic vulnerability of the structure. Given the current tendency to try simplified methods to evaluate the seismic vulnerability of buildings and infrastructure with the help of few parameters of simple retrieval [9, 10, 11] , the need to express the structural performance by means of same parameter that defines the seismic demand (ie the return period) becomes an information which can't be ignored. The return period of the earthquake on the real structural capacity (hereinafter as return period "capacitive" -T R, SL C ), allows not only to quantify the safety levels and structural deficiencies differently and in a more quick impact (in terms of years), but also to assess the actual improvement after any retrofitting interventions carried out on the structure. The value is especially useful for existing buildings designed to withstand mainly to only vertical loads. For these structures becomes possible to uniquely assign a Seismic Vulnerability Index in order to build lists of priority on territorial scale of structures most seismically vulnerable. This index for a given LS is expressible by the following relationship:
where, T R,SL D is the return period of the earthquake that the structure would have to bear to the achievement of the SL predetermined. It's evident that the indices lower than 1, indicate the need to perform more extensive tests, and consequently, the greater distance from the unit value represents a direct measure of the urgency with which carrying out these checks. As regards the planning of structural interventions, to know the value of the period of return produces the effects certainly positive. In fact, the authorities responsible can engage the economic resources available in the most rational manner and in relation to actual needs.
From an analytical point of view, when the nonlinear response of the structure (pushover curve) for a LS predetermined and the geographical coordinates of the reference site are known, the algorithm to evaluating the return period associated with the displacement capacity, is iterative. The iteration is due to the fact that for Italian rules [1, 12] the return period and some parameters related to ground types (such as the amplification coefficient stratigraphic) depend on factors that define the local seismic hazard. Consequently, to obtain a T R, SL C adequate to the soil characteristics of the reference site must be assigned initial values of attempt for the aforesaid parameters. This paper proposes an iterative procedure to calculate the return period of the earthquake T R,SL C associated with the displacement capacity of a generic structure in correspondence to a predetermined LS. The proposed algorithm is validated by benchmarks on a real case study.
The heart of the paper is introduced by a summary on the definition of the elastic spectral shapes, according to current rules, and by a description of the N2 method (because the inverse application is the base of the proposed algorithm).
SEISMIC ACTION ACCORDING TO THE MODERN STANDARD
Compared to the past, the rules [1, 2] evaluate the seismic action with reference not to a single territorial zone (comprising several countries)), to a single spectral shape and to a return period predetermined and equal for all buildings, but site by site and structure by structure [12] . As mentioned in the introduction, the main change is the introduction of the concept of seismic hazard, intended as the probability, in a fixed time interval, that on the generic site occurs a seismic event of magnitude at least equal to a predetermined value. According to the NTC, 2008 [1] , the time interval, expressed in years, is called the "period or life reference" V R and the probability is called the "probability of exceedance during the reference period" P VR . The first parameter is estimated using the following product:
V N is the nominal life. It's equivalent to the number of years in which the structure has to be used for the purpose for which it has been designed. For ordinary civil works must be at least ≥ 50 years.
C U is the coefficient associated with the Class of Use of a building (also called Importance Classes). The factor depends from importance of the structure in the management of civil protection in case of a seismic event. Classes are 4 and its coefficient takes the values: 0.7, 1.0, 1.5, 2.0 in order of importance.
The standard defines four LS reference for the definition of the seismic action: LS of Operativity, LS of Damage limitation, LS of Severe damage and LS of near collapse, to hereafter indicated as, respectively, SLO, SLD, SLC, SLC. To these correspond the following probability of exceedance (P VR ), respectively, equal to 81%, 63%, 10% and 5%. These percentages remain unchanged whatever the importance class of the construction and by means of Eq. 1 assumes the values reported in Table 1 :
19.50·V R Table 1 :
These parameters, together with the geographical coordinates and T R , identify the single point in the grid which divides the whole national territory.
Having the geographical coordinates relative to the site of the construction and T R value according to Eq. 1, the seismic hazard, and consequently the elastic response spectrum associated, is defined by the following three parameters that are uniquely determined: a g : design ground acceleration on type A ground; F o : maximum amplification factor of the horizontal acceleration spectra; T C * : corner period at the upper limit of the constant acceleration region. For the horizontal component of the seismic action, the elastic response spectrum S e (T) is defined by the following expressions [1] :
where, T is the vibration period of structure and S e is the elastic response spectrum (spectral acceleration). S S and S T are the amplification stratigraphic coefficient and topographic amplification coefficient. S T is equal to 1.4, 1.2, 1.2 and 1.4 respectively by category topographic T1, T2, T3 and T4 (see Table 3 .2.VI -NTC 2008 [1] ). In particular, S S is expressible in the following form:
where the factors S S,max , S S,min ,  and  depend on the ground type.
T B , T C and T D are, respectively, the lower limit of the period of the constant spectral acceleration branch, the upper limit of the period of the constant spectral velocity branch, the value defining the beginning of the constant displacement response range of the spectrum. Should be noted that the period T C is function of T C * (by means of two dimensionless parameters  and ). In turn, for geographic coordinates of the predetermined site, T C * is function of T R . Table 2 collects the values of the parameters defined above for ground type. As a example, the horizontal components of the elastic spectra corresponding to the city of Rome are shown below. The Figure 1a shows the variability of the spectral shape by varying the LS, while in Figure 1b by varying the ground type for SLV fixed. 
ASSESSMENT OF STRUCTURAL PERFORMANCES: N2 METHOD
The N2 method [5, 13] synthesizes in the same name two of its distinctive features In fact, the letter "N" indicates that the method is Non-linear, whereas "2" refers to the use of two different computational models of the structure: a multi-degree of freedom (MDoF) model, on which a pushover numerical analysis is performed, and an "equivalent" singledegree of freedom (SDoF) system which is derived by the previous trough proper manipulations, and that is used for the analysis by the design response spectrum. The Method provides, as first step, the determination of the pushover curve of the MDoF system, which is obtained by loading the computational model with constant gravity loads and a proper distribution of horizontal static loads that are monotonically increased with the aim of "pushing" the structure into the non-linear field. The process is carried on until the ultimate limit condition of the structure is reached. Thence, the final output of the pushover analysis is represented by the relation between the base shear force V b and the displacement D of a control point, usually taken at the centre of mass of the roof of the building. The distribution of the lateral forces to be used in the analysis is determined as:
with  ij profile of displacements, m j storey mass (the subscript "i" for the i-th profile of displacements and the subscript "j" for the j-th storey). The curve is then transformed in a elastic -perfectly plastic law characterized by resistance (V by ) and displacement (D y ) at yield by equivalence relationships. The SDOF system is obtained by dividing the above quantities The elastic period (T * ) of the SDoF system having mass m * is defined as:
The assessment of the seismic demand is graphically illustrated in Figure 2 for the generic LS, where the elastic spectrum and the capacity curve of the equivalent SDOF system are in the acceleration-displacement S a -S d format. When the elastic period (T * ) of the equivalent system is greater than T C , the seismic demand (abscissa corresponding to "performance point -PP" identified on the bilinear curve of the SDoF system in the intersection with the inelastic spectrum) is equal to that obtained by the elastic system having equal period. Therefore, the seismic demand for the generic SL, it can be deduced directly by the elastic spectrum and calculated by Eq. 11. In cases where, instead, the T * period is less than T C , the seismic demand D SL D is greater than the elastic displacement S De and the value is analytically obtained by amplifying the elastic displacements as a function of reduction factor (q * ). This parameter is given by the ratio between the force that the SDoF system would suffer if it remained elastic and the force that causes the irreversible deformation of the structure (plastic phase). The equations that solve the method are the following:
where q * is given by the following expression (by putting together Eq. 5 and F y * equal to the product between elastic stiffness (K y * ) and yield displacement (D y * ):
The seismic verification is to check, for LS generic, if the following equation is satisfied.
Obviously, the Eq. 15 can also be expressed with reference to the MDoF system by multiplying both terms by the coefficient of modal participation factor  J .
PROPOSED ALGORITHM
This paper proposes a procedure ( Figure 3 ) which identifies, for any limit state, the elastic response spectrum associated with the structural capacity expressed in terms of displacement (D SL C ). The return period of the earthquake relative to the elastic spectrum will be taken as: "capacitive" return period. The proposed procedure is based on an inverse application of the N2 method. For these reasons, it's possible to express the relationships that characterize the horizontal components of the elastic response spectrum ( § 2 -Eqn. 5,6,7) as a function of the main parameters to the calculation of T R,SL C , and of the relations between seismic demand D SL D and elastic displacement S DE (T * ), using the method N2 ( § 3 -Eqn. 12,13,14). Of course, in the development of the N2 method, the capacity displacement D SL C instead of the seismic demand D SL D is indicated only for the purposes of the procedure. The convention is necessary because the aim of the research is the calculation of return period corresponding to the structural capacity.
-Substituting Eq. 5 into Eq. 13:
-Substituting Eq. 6 into Eq. 12:
-Substituting Eq. 7 into Eq. 12:
a g ·F o ed a g ·F o ·T C (the latter also expressed as a g ·F o ··(T C * )) are both monotonic increasing functions and uniquely determined when the geographic coordinates of the site and ground type were preliminarily fixed. According to foregoing, the assessment of the period of return is obtained by an iterative procedure which is summarized hereinafter in its fundamental steps (for B, C, D and E ground type to be developed entirely, while, by starting only from step 2 for A soil type):
1) As initial assumption, a starting value must be assigned to the function a g
. A good choice is to assume a value of the function that produces S S,max so as to reduce the number of iterations required to identify T SL C . Therefore, by Eq. 8: 2) Assuming that the elastic period of the SDOF system (T * ) is into constant spectral velocity branch, the value of the a g ·F o ·T C functions is evaluated with Eq. 17, which corresponds a relative return period T R (see Figure 4) . function is given by Eq. 18. 5) After determining the new value of the function, the value found is compared with that starting to control the convergence of the iteration. The procedure is considered completed when the convergence is reached. That is, when the difference between the values of two consecutive cycles is lower than a given tolerance (for the proposed procedure equal to 10 -4 was assumed):
If Eq. 20 gives a negative result, the procedure must be repeated with the new value of a g ·F o function, starting from step 2. Before however, the new value of the S S coefficient must be checked because the new a g ·F o value could vary S S value and then to modify the ground type to starting. If the value of S S coefficient corresponds to a ground type different by that set at the beginning, the procedure is ended and the return period is the last calculated. The procedure just described is represented by the flowchart shown in the algorithm form in Figure 5 . The same has been implemented in the numerical solver MatLab ®, in which a simple graphical user interface ( Figure 6 ) SEREP called (short for SEismic REturn PEriod) was created. SEREP returns as output the value of the capacitive return period T R C (and the reference life associated with each LS) by inserting few input data ( Figure 5 ). As highlighted in the introduction, the procedure is aimed at assessing the Seismic Vulnerability Index of the structure (I V,SL )(see Eq. 2). If used on a regional scale, This index allows to identify the areas with the most vulnerable structures seismically in order to planning more detailed checks on them. Thus, the index helps the administrations which have the responsibility of the structural safety of the buildings because it allows to optimize the economic resources available. Furthermore, given that the probability of exceeding (P VR ) in the reference life (V R ) must be the same, both for the demand spectrum and for capacity spectrum (design assumptions allowed by Ministerial Circular 617/2009 [12] ), Eq. 2 can be rewritten by the aid of Eqn. 1,3. Where V N D is the request life to the structure in the design phase. Therefore by evaluating T R,SL C and by applying indirectly the Eq. 21, it is possible to determine the "current nominal life" V N,SL C that, in the case of I V,SL >1 represents a direct measurement of the residual life of the structure.
NUMERICAL VALIDATION OF THE ALGORITHM
The numerical validation of the procedure by using the data contained in a previous work of the authors [14] was conducted. In [14] the data concerning to pushover analysis of different modelling of an existing RC building located in Calabria (southern Italy, an area of high seismic risk) are collected.
The main data of the SDoF system and starting parameters of the proposed algorithm are collected in Table 3 . The data relate to pushover analysis in positive direction of thrust and along the larger dimension of the building plan. As purely descriptive information, the seismic verification to the limit state of near collapse (SLC) with the N2 method, is satisfied along the direction of analysis considered. The structural deficits, instead, in the orthogonal direction to that considered in hereinafter were observed. The building belongs to a Class of Use II (C U = 1). The algorithm is based on an inverse application of the N2 method, it was considered appropriate to validate the whole procedure by directly applying the same method. In other words, the numerical validation is to assess the "capacitive" return period T R,SL C using the algorithm described in § 4 and summarized graphically in Figure 5 . The value found defines the elastic response spectrum that it allows to get the seismic demand D SL D (in terms of displacement) by N2 method. Obviously the seismic demand corresponds to the seismic capacity D SL C of the SDoF system, neglecting, of course, the numerical approximations which are inherent to the same algorithm. Therefore, the validation consists in verifying the correspondence between two displacement values theoretically equal but which by different evaluation methods are obtained: the first, by directly applying the N2 method with the elastic spectrum (then, T R,SL C ) by the algorithm proposed, the second, starting from the structural performance which provides the elastic spectrum, once again, by the same algorithm.
In brief, the validation comprises the following steps: 1) Assessment of return period (T R,SL C ) corresponding to the structural capacity (D SL C ) to a LS preliminarily fixed (see Figs. 3 and 5) , starting from data relating to the generic case of study (Table 3 ). In the present paper the limit state of near collapse (SLC) was considered.
2) Definition of the elastic response spectrum (corresponding to the T R,SL C value determined in step n.1) using the geographic coordinates of the site, the ground type, the topographic class and limit state considered. The elastic spectrum can be obtained quickly by a commercial software commonly used to generate response spectra and accelerograms (for the case of study under examination SIMQKE_GR [15] In order to expand the sample survey different structural performance were assumed to other things being equal. 7 different D SL C values by reducing by 10%, from time to time, the real starting value were considered. In Figure 7 , the displacements as a function of the capacitive return period T R,SL C evaluated by proposed algorithm are shown, while in Table 4 , the absolute percentage errors are reported. The average percentage error is equal to 1.88%. As can be seen by the values shown, there aren't significant difference. The overall outcome confirms the reliability of the procedure.
CONCLUSIONS
The newly developed technical standards assess the seismic action based on the seismic hazard of the national territory. However, if on one hand the seismic verification of an existing structure is immediate by the direct comparison between the seismic demand and capacity to oppose the same action, on the other hand, the seismic verification in terms of return period is much more difficult. Indeed, it's difficult to estimate the return period of the seismic action corresponding to the deformation capacity of the structure than to a predetermined limit state (LS). The return period in question "capacitive" (T R,SL C ) was called. The present study proposes an algorithm to calculate the return period having available the elastic period and the structural capacity for a given LS. The reference life is therefore directly determined for any LS considered. The algorithm is given by an iterative procedure which was implemented within a numerical solver. A GUI in MatLab code was created in a still poor format. SEREP (SEismic REturn Period) returns as output the return period "capacitive" after that the geographical coordinates of the site and some data of SDOF system were inserted. The numerical validation by using data relating to the structural response of an existing building was performed. The maximum percentage error obtained by calculating the return period with the proposed algorithm is of about 3%. The error is very low and it doesn't affect the reliability of the algorithm.
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